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为 5%并负载 1%的金属 Ni 时，复合催化剂的紫外光催化还原水制氢活性 大，


























到该目的，本文研究了利用氢气甲烷化作用原位除去 Ni 表面的无定形碳，在 TiO2
表面反复多次生长碳纳米管的可能性。SEM、Raman 表征结果证明改进的化学
气相沉积法能够在 TiO2 表面生长出一层石墨化结构完整的，平均直径约为 28 nm
的多壁碳纳米管。在二次生长碳纳米管后，这种复合催化剂的紫外光和可见光催
化还原水制氢活性达到 佳，分别高达 2076 μmol/h 和 38.1 μmol/h。经过反复 5
次共 20 h 的稳定性测试，该复合催化剂的活性损失小于 5%，无明显失活现象。

















合催化剂中的金属 Ni 用酸洗去，因为金属 Ni 会与甲基橙抢夺光生的氧化自由基
从而大大降低其光催化氧化活性。接下来，进一步的活性测试结果表明，同样二
次生长碳纳米管的复合催化剂光催化甲基橙脱色率也是 高，1.5 小时的紫外光
脱色率达到 100%，反应动力学常数 ka为 0.066 min-1；3.5 小时的可见光脱色率




























































 Photocatalysis science is a rising cross-disciplinary science, which integrates the 
multi-disciplinarity of chemistry, physics, materials, environment and so on. From the 
development status quo, photocatalysis can be broadly divided into two major 
research fields: one is energy photocatalysis (photocatalytic hydrogen production 
from splitting water, that is photocatalytic hydrogen production from renewable 
resources) and the other is environmental photocatalysis (advanced oxidation 
technology in environmental pollution field). These two research fields are so closely 
related to the sustainable development of society and economy that they have broad 
application prospects and enormous social and economic benefits. Through a variety 
of means to improve the photocatalytic activity and increase the utilization of sunlight 
is the important step to make this technology come true. 
 In recent years, some papers reported multi-wall carbon nanotubes (MWNTs) and 
TiO2 composite catalyst has a good photocatalytic activity for oxidation organic 
compounds. MWNTs introduced into TiO2 matrix by Sol-gel method will produce the 
synergy effect between MWNTs and TiO2. The effect is of great benefit to the 
photoelectron transfer from conduction band of TiO2 to MWNTs, which can elong the 
life-span of e--h+ pair. In this paper, we supposed the synergy effect will be equally 
effective to photocatalytic hydrogen production from splitting water. In order to 
confirm that idea, we first investigated the photocatalytic activity of hydrogen 
production for MWNT-TiO2 composite catalyst, which was prepared by same Sol-gel 
method as reported. It was found that doped MWNTs will stop phase transition and 
growing up of TiO2; With increasing of MWNTs content in composite catalyst, their 
surface area are also increased; When the doped amount of MWNTs is 5% and 
co-load amount of metal Ni is 1%, under UV light irradiation, the photocatalytic 
activity reaches the maximum of 122 μmol/h which is almost twice than the activity 
of raw TiO2: Ni. Furthermore, the result that activities of MWNT-TiO2: Ni series are 















MWNTs and TiO2 directly impacting on the photocatalytic reaction process of 
hydrogen production. So maximizing the joint between both should help to improve 
the photocatalytic activity. 
 After determining the research interest, the paper further studied the 
photocatalytic activity of composite catalyst made by self-designed PCM-CVD 
method. The role of metal Ni in catalyst is not only as the growing point of MWNTs 
but also as a cocatalyst for hydrogen generation. The adoptive PCM can make Ni 
evenly dispersed in TiO2 matrix and then reduced into fine granules on the surface by 
hydrogen. On next step, the way of mutli-growth of MWNTs was taken in order to 
reach our purpose for increasing the joints as more as possible. During each growth 
period, hydrogen was used to get rid of amorphous carbon by methanation. SEM and 
Raman results show MWNTs with the average diameter of ca. 28 nm and good 
graphite structure can be grown on the surface of TiO2 by modified CVD method. 
After second growth period of MWNTs, the photocatalytic activities of composite 
catalyst reached the maximum, 2076 μmol/h and 38.1 μmol/h under UV light and 
visible light irradiation respectively. At the same time, the composite catalyst did not 
lost much activity after 20 h repeat test. Combined with a lot of means of XPS, 
UV-Vis DRS and PL, a systematical investigation was conducted to analyse the 
reason of high activity of MWNT-TiO2 composite catalyst. The key contributions of 
grown MWNTs are to transfer photoelectron and increase the photo absorbance. Ti3+ 
appearance in the preparation process is good for improving photoactivity as well.  
 On the basis of above study, this paper further attempts to explain the reaction 
process of hydrogen production according to kinetic regulation. When methanol acts 
as sacrifice reagent the activity of composite catalyst is higher than other alcohol’s. 
The activity sequence of alcohols is methanol > ethanol > i-propanol = n-propanol > 
butanol. Methanol dissociation adsorption on the catalyst surface is the first step of 
whole photoreaction. Along with the subsequent oxidation step it control the whole 
reaction speed. Furthermore, MWNTs growth speeds up the desorpion step of H from 
methanol dissociation adsorption, which greatly enhances the photocatalytic activity. 















dye and discussed about photocatalytic oxidation performance of MO by composite 
catalyst. Before the test, metal Ni should be rinsed out by diluted acid because it 
would snatch the life of free radicals so as to reduce the photocatalytic oxidation 
activity. Finally, the kinetics constants ka is 0.066 min-1 under UV light irradiation and 
0.017 min-1 under visible light irradiation repectively. Through investigating the 
effects of dissolved oxygen, CCl4, t-butyl alcohol on the decolorization of MO, the 
mechanisms are proposed that the superoxides (·O2-) mediated oxidation pathways are 
dominant for cleavage of azo bond of MO under visible light irradiation, whereas both 
of ·O2- and ·OH mediated oxidation pathways are dominant under UV light irradiation. 
In the end, charge transfer process on MWNT-TiO2 composite catalyst and the 
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